Abstract: Food security has received wide attention in China for a long time due to the challenges of a huge population and limited farmland area. Under conditions of rapid urbanization, the food scenario has changed, creating major challenges for massive populations in China. This paper intends to reveal the impact of urbanization on food security and to propose strategies for mitigating the threats to it. Total grain production has continuously increased, but most of the grain production has been distributed in the northern region since 2006. Although the per capita rural income has increased significantly since 1980, the agricultural income ratio has consistently declined from 56.13% in 1983 to 26.61% in 2012. A dramatic shift in food consumption away from grain towards meat, poultry, eggs, milk and liquor has been found in both rural and urban areas. The faster agricultural water consumption growth in northern China over southern China helped close the gap. There has been net increase of cultivated land in northern China, whereas southern China has seen a net decrease. The medium-and low-level cultivation ratios of land were 52.84% and 17.69%, respectively, in 2015. This paper concluded that food security in China could be ensured by increasing production and optimizing consumption. It suggested that enhanced grain production capacity, strict water management, and land consolidation engineering as well as agricultural industrialization could be used for maintaining grain production. Food consumption itself can be managed by optimizing resident dietary pattern, reducing food waste, adjusting grain consumption structure and moderating food imports policy.
Introduction
Rural residents are attracted by the superior public services, cultural facilities, convenient infrastructures and increased opportunities in cities. Massive rural labor shifts out of agriculture and into urban areas enlarge the size of the urban population [1] . From 1978 to 2016, China's urbanization rate increased from 17.91% to 57.35% [2] , reflecting a growth twice as fast as the world average for the same period. While China is experiencing unprecedented urbanization, a variety of problems have also appeared. Obvious disparities between the highly urbanized east and the less urbanized inland exist [3] . Another important issue is food security coming from changed grain production and food consumption.
Food security has been defined as the state in which all people, at all times, have physical, social and economic access to sufficient, safe and nutritious food that meets both their dietary needs and food preferences for an active and healthy life [4] . Food security is usually referred to as grain food consumption, agricultural water consumption and cultivated land area data were collected from the National Bureau of Statistics of China (http://www.stats.gov.cn/tjsj/ndsj/). Cultivated land quality data were collected from the Land Resources Bulletin (http://www.mnr.gov.cn/sj/). All the province data did not include Hong Kong, Macao and Taiwan.
Methodology
Northern China is defined by the line formed by the Huai River and Qingling Mountain range. Jiangsu and Anhui provinces are divided into southern China. Grain production, agricultural water consumption and cultivated land area of northern and southern China is summed over 15 and 16 provinces, respectively. The agricultural income ratio is obtained by dividing the average household agricultural income of rural residents by the average household income of rural residents.
Results
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Changing Consumption Patterns
The per capita rural income increased up to 58.26 times from its lowest value of 133.6 Yuan in 1980 to 7916.16 Yuan in 2012 (Figure 2a) . However, the agricultural income ratio has consistently declined from 56.13% in 1983 to 26.61% in 2012 (Figure 2b ). Food consumption patterns between rural and urban residents changed significantly after reform and liberalization policies, with an increased consumption of meat, poultry, eggs, milk and liquor, and a reduced consumption of grain ( Figure  2c,d ). In 2012, the rural per capita consumption of meat, poultry, eggs, milk and liquor was 16.4 kg, 4.5 kg, 5.9 kg, 5.3 kg and 10.0 kg, respectively, which was 1.13, 5.43, 3.92, 6.57 and 4.26 times higher, respectively, than in 1980 (Figure 2c) . However, the per capita consumption among urban residents during the same period was decreasing (Figure 2d ). Since the early 2000s, the rural per capita consumption of grain has decreased by 34.33%, while the urban per capita consumption of grain decreased from 127 kg in 1991 to 63.6 kg in 2008 (Figure 2c,d ). In addition, the quantity of animal products consumed by urban residents is much higher than that consumed by rural residents (Figure  2c,d ). 
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Environmental Pressures
Cultivated Land Amount and Quality
After the total cultivated land amount reached the lowest level in 2009, it increased to 13,527 × 10 4 ha in 2010. The cultivated land amount in the northern region has significantly increased from Agricultural water consumption for China overall and northern and southern regions: (a) Agricultural water consumption; (b) Agricultural water consumption of northern and southern regions.
After the total cultivated land amount reached the lowest level in 2009, it increased to 13,527 × 10 4 ha in 2010. The cultivated land amount in the northern region has significantly increased from 7394 × 10 4 ha to 8046 × 10 4 ha in 2015, while cultivated land quantity in the southern region has declined from 5610 × 10 4 ha to 5454 × 10 4 ha in 2015 (Table 1) . The excellent and high level cultivated land areas totaled 397.38 × 10 4 and 3584.60 × 10 4 ha, respectively, and accounted for 2.94% and 26.53% of the total cultivated land area. The largest cultivated land area was at the medium level, with 3584.60 × 10 4 ha and 52.84% of the total cultivated land area, while 2389.25 × 10 4 ha, or 17.69% of the total cultivated land was at the low level (Table 2) . 
Discussions
Enhance Grain Production Capacity
Food production is limited by natural resources, biological species resources, agricultural production materials, technology input, and relevant policy [8, 20] . Despite the achievement of continuously increased grain production (Figure 1a ), annual growth rates of grain production have been gradually slowed [21] . Declining soil quality and inappropriate crop management practices are likely responsible. Excessive fertilizer application has caused varying degrees of soil acidification and ecological degradation to the current arable land resources [22, 23] . Moreover, increasing agronomic input has resulted in diminishing returns of land among crops, and thus, yields have stagnated extensively [24] . Therefore, China's food security can be firstly enhanced through protecting existing cultivated land area and improving the land productive. Godfray et al. [25] and Zhang et al. [26] gave the important evidence of huge potential of grain production by closing the yield gap between actual field yield and potential yield.
In recent years, China has issued several new development ideas, in particular "Cang-liang-yu-di" ("food storage in land") and "Cang-liang-yu-ji" ("food storage in technology") [8] . China has also announced a number of significant policy initiatives and plans to improve soil environment and quality, including the "Fertilizer Use Zero Growth Program", the "Soil Pollution Control Plan of Action" and the "Zero Discharge of Agricultural Waste". Cultivated land productivity can be enhanced by high-standards of farmland construction along with farmland rehabilitation of medium and low yields. In addition, innovative agricultural technological approaches play an important role in improving soil quality, increasing resource utilization, and fostering agricultural efficiencies [22] . Closing yield gaps could potentially double global food output, substantially enhancing food security [27] . If Chinese farmers could achieve average grain yields, equivalent to 80% of the yield using integrated soil-crop system management approaches by 2030, the total production of rice, wheat and maize would be more than enough to meet the demand for direct human consumption, as well as the substantially increased demand for animal feed [21] . According to the Science and Technology Backyard platform established in Quzhou County, a five-year average yield increase from 67.9% to 97.0% of the attainable level will achieve yield and economic gains as well as sustainability [26] . Agricultural intensification focused on closing yield gaps is a key to increasing food production. It is noteworthy that due to the seriously degraded status of China's natural resources, intensification methodologies must be sustainable and environmentally benign [28] .
Optimize Dietary Pattern of Residents
Urbanization affects not only the quantity of foods consumed, but also the composition of the diet. With rapid urbanization, changes in food consumption patterns are driven both by increasing incomes and an improved access to a wider variety of foods [19] . Higher per capita rural income has led to the increased consumption of meat, poultry, eggs and milk, at rates 1.13, 5.43, 3.92 and 6.57 times higher, respectively, more in 2012 than in 1980 (Figure 2a,c) . In addition, urban consumers spent approximately 33% of their total food expenditure on convenience foods that includes more animal foods, vegetables, and edible oils [10, 29] . The quantity of animal products consumed in urban areas is double that of rural areas (Figure 2c,d) . Processed food and livestock-based food needed the most arable land for production [19] . These results suggested a wider difference in per capita arable land requirements between urban and rural areas. Gerbens-Leenes and Nonhebel [30] revealed that the effects of changes in food consumption patterns on land requirements will be even greater than the growth in the world population. Li [19] reported that each 1% increase in urbanization would cause a more than 140,000 ha increase in China's arable land requirement. In China, urban populations have increased at nearly three times the rate of rural populations since 1980. The efficiency of converting plant matter into animal matter is approximately 10%. Thus, the increasing urban population and growing demand for animal products will place enormous pressure on grain food production and supplies. Therefore, supplementary farmland resources, new agricultural technology, and substantially better management of natural resources including addressing environmental concerns will produce the additional food to satisfy the consumption requirements.
To alleviate these pressures, increased animal production and improved livestock breeding are needed to supply quality and safe food in sufficient quantities. Feeding more forage to livestock and improving fodder utilization can help save more basic grains for human consumption [31] . The rapid increase of fishery products has eased the pressures on China's land-based animal agriculture somewhat. Sustainable fish farming and marine fish harvesting, along with the protection of endangered marine species, will be key issues for these industries in the future [32] . In addition, the pressure on food security can be lowered by optimizing resident dietary consumption patterns. The Chinese government recommends that approximately 35% and 27% of protein should be from livestock-based food in the case of urban residents and rural residents, respectively; however, since 2002, both urban and rural residents have exceeded these recommendations [19, 33] . Real per-capita grain consumption in China ranges between 378.88 and 406.09 kg yr −1 , which also exceeds the limits defined by a balanced dietary pattern [34] . Therefore, the government should invest in research related to a reasonable diet structure and guide citizens in the cultivation of reasonable food consumption habits. China promulgated several versions of dietary guidelines and food guide pagoda to educate people in the consumption of a well-balanced diet. The new food guide pagoda was proclaimed in 2016 with five levels. Meat, fish and eggs are the third most important, with a specific daily intake of 40-75 g, 40-75 g and 40-50 g, respectively. The Chinese government has outlined a plan to reduce its citizens' meat consumption by 50% [35] . These concerns and foresights will support the pathway to enhance China's food security.
Sustainable Land and Water Resources Utilization
Land and water limitations as well as soil fertility issues seriously constrain food availability in China [10] . Urban areas are mostly converted from croplands, leading to the rapid decline of agricultural land [12, 13] . Urban expansion also accelerates the marginalization of inferior farmland and abandonment of cultivated land due to the rising costs of farming [13, 36] . Furthermore, the total pollution rate in Chinese farmland soil is 10.18%, mainly from Cd, Hg, Cu, and Ni [37] . The monitoring results showed that the desertified and sandified areas of China were 261.16 × 10 4 km 2 and 172.12 × 10 4 km 2 by 2014, respectively. Areas of medium and low productivity land account for 52.84% and 17.69%, respectively, of the total cultivated land in China (Table 2 ). China's agricultural water consumption has greatly increased with the increasing food demand caused by the growing population and rapid urbanization (Figure 3a) . Overuse of surface water, declining groundwater levels and water pollution is threatening the sustainability of agricultural production in China [22] The Chinese government has implemented a series of strong policy measures to steadily increase grain production from 43,529 × 10 7 kg in 1991 to 60,703 × 10 7 kg in 2014 (Figure 1a) . Strict policies such as the "1.8 billion mu (120 × 10 6 ha) red line of cultivated land" were initiated in 2006 to ensure food security. The innovation of the cultivated land occupation-compensation balance was implemented to control cultivated land loss. The Chinese government also imposed the "three red line" restriction policy to protect agricultural water resources in 2010.
The north of China, similar in land area and population to the south, holds only 18% of the total water despite having 65% of the total arable land [22] . However, the grain production of the northern region has been higher than that of the southern region from 2006 (Figure 1b) . Although the newly reclaimed agricultural land offsets the loss created by urban expansion and agricultural abandonment, northern China has seen a net increase in the total area of cultivated land, while southern China has seen a net decrease (Table 1) . Significantly increased agricultural water consumption in Northern China (Figure 3b ) will exacerbate the mismatch between land and water resources. For example, the North China Plain contains 33.8% of the national arable land, but has only 3.85% of the national water resources. Over the past 40 years, the groundwater water table has fallen steadily, as approximately 120 × 10 10 m 3 more water has been pumped from the land than the amount replaced by rainfall [38] . Consolidation and reclamation of degradation land, unused land, and vacant/idle construction land are hopeful prospects for cultivated land supplementation and protection [13, 39] . The South-North Water Transfer Project (Nanshui beidiao gongcheng) was adopted to solve the northern China's water scarcity problem. Relevant laws and regulations have also been established to improve water use efficiency and to limit overall demand.
Moderate Food Imports Policy
Over the past few decades, While China's government has been successfully meeting domestic consumption demand with domestically produced food, food imports have become an increasingly important component of China's food security. Various protectionist policies are used to offset the domestic agricultural limitations by moderating imports. China's food imports have been consistently increasing in recent years, accounting for 6.7% of total merchandise imports [7] . China imports significant quantities of soybeans and oilseeds (US$11.9 billion) as well as grains and feeds, including corn, wheat, and rice (US$8.5 billion) [9] . Pingali [29] suggested that importing food could be relatively easier and less costly than acquiring the same food from the domestic hinterlands, especially for coastal cities such as Shanghai or Guangzhou. In addition, investment in overseas agriculture is used to influence food production and imports. There are over 300 Chinese companies that have invested in agricultural, forestry, and fishing project in 46 countries [40] . The scale and scope of outward foreign direct investment in agriculture will gradually expand. The overseas agriculture strategy has aroused repercussions for global resources. Local resistance frequently occurred due to lacking of corporate social responsibility. Chinese overseas agricultural companies need to show greater commitment to local community's needs and environmental protection as well as host countries' food security [10] . Ali et al. [41] reported that China's food trade has increasingly contributed towards global saving of virtual water and land. Therefore, a carefully designed policy of "mainly depend on domestic production with moderate imports" may help in achieving national food security.
Limitations of This Study
Urbanization largely depends on the finite natural resources, including land, water and energy. Our study summarized the challenges to food security under rapid urbanization from the aspects of grain production and consumption. Competitions from urban and industrial demand may further limit water and land available for agriculture. Rapid growth in food consumption and fundamental transformation in the food system add complexity and pressure to the Chinese food security situation. Other disadvantages including the aging trend in rural labor, food waste in urban areas, and national grain demand, were not discussed. The outflow of the rural labor force has significantly decreased the quality of agricultural laborers due to the lack of middle-aged laborers [42] . These changes have negative effects on the multi-cropping index and grain production. In recent years, the rate of loss for China's grain output has been an estimated 8%, 2.6% and 3% during storage, processing and distribution, respectively, with a total of 35 million tons lost annually [43] . Gao et al. [44] estimated that food waste in China's provincial capitals was approximately 6 million tons in 2008. Wang [45] also reported that the total amount of food wasted in China's canteens, restaurants and homes across the country could feed 0.3 billion people every year. Due to the increased demand both for animal production and for biomass energy, grain for fodder and for industrial uses has steadily increased. Total grain for fodder and industrial consumption is predicted to reach 27.47 × 10 10 kg and 8.39 × 10 10 kg, respectively, by 2020 [11, 46] . Thus, a primary model is proposed to meet the challenges to food security under rapid urbanization (Figure 4 ). However, this paper did not consider the impacts of macroeconomic factors and global shocks on food security. Hammond and Dube [47] outlined a framework for the study of food and nutrition security focused on three major systems: The agri-food system, the environmental system, and the health/disease system. In addition, natural disasters, war and climate change also have devastating effects on food production [40] . changes have negative effects on the multi-cropping index and grain production. In recent years, the rate of loss for China's grain output has been an estimated 8%, 2.6% and 3% during storage, processing and distribution, respectively, with a total of 35 million tons lost annually [43] . Gao et al. [44] estimated that food waste in China's provincial capitals was approximately 6 million tons in 2008. Wang [45] also reported that the total amount of food wasted in China's canteens, restaurants and homes across the country could feed 0.3 billion people every year. Due to the increased demand both for animal production and for biomass energy, grain for fodder and for industrial uses has steadily increased. Total grain for fodder and industrial consumption is predicted to reach 27.47 × 10 10 kg and 8.39 × 10 10 kg, respectively, by 2020 [11, 46] . Thus, a primary model is proposed to meet the challenges to food security under rapid urbanization ( Figure 4 ). However, this paper did not consider the impacts of macroeconomic factors and global shocks on food security. Hammond and Dube [47] outlined a framework for the study of food and nutrition security focused on three major systems: The agri-food system, the environmental system, and the health/disease system. In addition, natural disasters, war and climate change also have devastating effects on food production [40] . 
Conclusions
This paper firstly analyzed the challenges to food security in China in the context of rapid urbanization. Grain production stability is threatened by a decline in cultivated land (both in amount and quality), a shortage of agricultural water consumption and a decreased agricultural laborers quality due to rapid urbanization. The mismatched water and land resources between northern and southern China will exacerbate this situation. Food security has also been challenged by the changed food consumption and national grain demand pattern as well as food waste.
Challenges of China's food security can be alleviated from the strategies of enhanced food production and optimized food consumption. Firstly, land increasing vs. decreasing balance policy and relevant engineering measures with the idea of the trinity of quantity control, quality management and ecological protection can provide the basis of grain production. In addition, agricultural research-education-service-policy input like Science and Technology Backyard platform will close the crop yield gaps to address the challenge of food security. Furthermore, water resource management and protection policy support the guarantee of grain production. Adjusted national grain consuming pattern and reduced food loss and waste will save more grain to satisfy the human 
Challenges of China's food security can be alleviated from the strategies of enhanced food production and optimized food consumption. Firstly, land increasing vs. decreasing balance policy and relevant engineering measures with the idea of the trinity of quantity control, quality management and ecological protection can provide the basis of grain production. In addition, agricultural research-education-service-policy input like Science and Technology Backyard platform will close the crop yield gaps to address the challenge of food security. Furthermore, water resource management and protection policy support the guarantee of grain production. Adjusted national grain consuming pattern and reduced food loss and waste will save more grain to satisfy the human demanding. Dietary guidelines and food guide pagoda guide people to cultivate a well-balanced diet with consuming little animal products. Moderate food imports policy may help achieving national food security.
In the future, differentiation of food security strategies should be considered due to China's obvious urbanization development patterns, especially in the eastern coastal regions. Significant differences of land and water resource endowment and diversified economic development orientation also affect grain production capacity and food consumption patterns. Therefore, gravity of grain production and consumption must be emphasized in the further studies. Lastly, other challenges like global change, macroeconomic factors and global shocks should be noted to alleviate the negative effects on food security.
